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IliTRQDUCTION 


lufoxnatloa  concerning  the  lowest  altitude  range  where  the  military 
flyer  may  escperlence  synptoas  of  deconpresslon  due  to  rapid  ascent Is 
of  much  luqjortance  In  deciding  the  levels  of  cabin  or  coc]q)lt  preseura- 
satlon  required  In  military  aircraft.  The  evidence,  thus  far,  suggests 
that  the  range  from  20,000  to  30,000  feet  Is  critical  In-as-much  as  de¬ 
conpresslon  syiaptons  are  slight  below  20,000  feet  and  severe  above 
30,000  feet.  Hence,  a  review  of  the  Information  available  In  the  lit¬ 
erature  dealing  with  the  Incidence  of  sysqitoas  of  deconpresslon  Illness 
at  this  altitude  range  Is  timely.  There  are  data  shoving  the  Incidence 
and  severity  of  synptosis  at  20,000,  23,000,  25,000,  26,000,  28,000  and 
30,000  feet.  There  are  case  reports  of  the  occurrence  of  syiaptons  of 
decoi^resslon  Illness  at  as  low  an  altitude  an  10,000  feet. 

There  are  a  large  number  of  variables  which  Influence  the  Incidence 
and  severity  of  syatptoms  of  deconpresslon.  In  a  grovp  of  healthy  young 
males,  such  as  cooQirlse  the  personnel  In  adlltary  aviation,  many  of  these 
variables  are  tinlmportant.  There  are  four  and  perhaps  five  major  ones, 
however,  which  are  veiy  laportant  in  determining  the  incidence  and.  sever¬ 
ity  of  deconpresslon  illness  syoiptoms  In  aviation. 

The  first  of  these  variables  Is  an  obvious  one  and  concerns  the  fac¬ 
tor  of  altitude  gained  or  degree  of  deconpresslon.  Tho  greater  the  decon- 
presslon  the  more  marked  are  the  syiqptoas  from  both  the  standpoint  of  in¬ 
cidence  nnd  severity.  This  vai’lable  Influences  also  the  time  of  onset  of 
syaq>toms. 

A  second  major  variable  Is  the  rate  of  ascent  or  the  rate  of  change 
of  deconpresslon.  Slow  ascent  or  decoepression  pezmlts  the  body  to  ad¬ 
just  to  the  changing  environment  and  so  pemlts  the  maintenance  of  a  dis¬ 
solved  gas  equilibrium  with  the  aablent  atmospheric  pressure.  In  future 
aircraft  esploying  human  beings  as  pilots  the  rate  of  decoiapression  will 
be  such  that  little  opportunity  will  be  afforded  for  adjusting  to  this 
changing  enviromibent.  Indeed,  there  are  aircraft  now  available  capable 
of  creating  this  situatioo,.  Tho  iaportance  of  this  factor  In  tho  light  of 
recent  x.ork  on  explosive  decospresslon  may  not  be  important. 

The  third  Important  variable  Is  that  of  the  dxuratlon  of  the  exposure. 
A  certain  Ieng:th  of  time  Is  necessary  for  the  development  of  syaptoms 
which  varies  inversely  with  the  Increasing  altitude.  It  will  be  seen  in 
some  of  the  results  of  experiments  already  performed  that  serious  synptoas 
of  decoapresslon  Illness  may  appear  as  early  as  ten  to  fifteen  minutes  af¬ 
ter  reaching  altitudes  as  low  as  30,000  feet.  Then  too,  if  one  Is  a 
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'’resistant'*  l^idlvidual  eoid  luis  •&dured  the  e.i3)OBiire  without  sysqptoc&s  for 
two  to  tlir®©  houi's,  he  has  demoaBtrated  his  ability  to  adjust  to  this  new 
onblent  praBsuro  aud  has  reaciwd  equilibrium  with  respect  to  dissolved 
>  gases. 

•r  The  fourth  major  factor  is  that  of  exercise.  It  has  been  demonstrated 

'  repeatedly  that  the  degree  of  activity  is  almoBt  directly  proportional  to 
the  incidence  and  severity  of  sycapto&s.  Quite  often^  long  exposures  can 
be  tolerated  at  high  altitxides  when  the  individual  is  at  rest.  The  seaie 
individual,  if  physically  active,  often  suffers  severe  aymptcms  even  at 
lower  altitudes. 

The  fifth  factor,  frequency  of  exposure,  is  not  well  understood  and 
there  is  no  general  agreement  regarding  its  significance.  At  lower  alti¬ 
tudes,  below  30,000  feet,  habituation  may  develop,  resulting  in  a  progres¬ 
sive  Increase  in  tolerance  to  these  altitudes  for  the  person  esqposed. 
However,  at  altitudes  above  30,000  feet,  probably  habitmtion  may  not  ex¬ 
ist,  but  rather  a  progressive  decrease  in  tolerance  to  frequently  repeated 
e^osures. 

An  attenrpt  will  be  made  to  outline  the  probable  incidence  of  decca- 
presslon  illhess,  both  mild  and  severe,  at  and  below  30,000  feet*.  This 
discussion  will  chiefly  tahc  into  consideration  the  two  most  important 
variables  prevleualy  mentioned,  namely,  degree  of  deconQ)reBSion  and  ex¬ 
ercise.  The  other  throe  variables  can  be  referred  to  only  occasionally, 
because  of  the  incoa5)letenea9  of  or  variability  in  the  available  data. 

Even  with  regard  to  the  type  and  severity  of  exercise,  there  is  so  much 
variation  tliat  evaluation  is  difficult.  Thus,  the  type  of  exercise  per 
se  may  often,  he  responslhle  for  mild  muscle  and  joint  distress.  Deep 
knee  bends  is  an  example  of  exorcise  which  falls  into  this  category. 

Khee  bending  is  not  a  usual  exercise  for  airmen.  Such  exercise  creates 
a  problem  in  diagnosis  in-as-much  as  it  may  cause  syBptcsa&s  not  readily 
distinguishable  from  the  mild  achixig  in  joints  due  to  deccsspresslon. 


BEVm'  OF  DATA 

INCIDENCE  OF  SIMPTOMS  AT  20,000. FEET  ARP  BELOW 


Allan’s  (1)  findings  of  instances  of  deccffl5)resBion  illness  at  alti¬ 
tudes  as  low  as  10,000  feet  (cited  in  report  number  one)  were  In  patients 
who  had  recent  joint  Injxxry  or  osseous  pathology.  However,  persons  so 
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injured  or  incapacitated  vould  not  te  in  active  flight  status.  Therefore, 
for  all  practical  purposes,  such  results  can  be  disregarded.  However,  it 
is  realized  that  injury  during  the  flight  may  be  a  precipitating  factor. 

Houaton^s  results  dealing  with  instances  of  joint  pain  and  vlS" 
ual  disturbances  at  altitudes  of  from  17^000  to  20,000  feet  is  llhevlse 
not  directly  applicable  to  the  problem  because  of  the  age  of  the  subjects 
and  the  frequency  of  eaq)osure« 

The  results  of  decoopresslon  to  altitudes  of  20,000  feet  are  de¬ 
scribed  in  reports  nimber  one  and  two  of  this  series  (3) .  In  these  stud¬ 
ies  young  healthy  subjects  were  rapidly  decoopressed  10,000  feet  per  min¬ 
ute  end  allowed  to  remain  at  20,000  pressure  altitude  for  thirty  minutes, 
twice  dally,  over  a  period  of  nearly  a  month.  During  the  exposure,  mod¬ 
erate  exercise  was  performed.  In  the  first  study  the  Imee  bending  type  of 
exercise  was  employed.  However,  since  mild  syiqptons  due  to  this  type  of 
exercise  per  se  was  thought  possible,  the  exercise  in  the  second  experi¬ 
ment  was  changed  to  raising  the  feet  alternately  to  a  height  of  l8  inches 
once  every  second.  This  exercise  continued  for  30  seconds  and  was  per- 
fomwd  evoxy  five  minutes.  The  exercise  was  felt  to  be  much  easier  but 
laore  like  that  enployed  by  an  aviator  operating  an  aircraft. 

As  a  restilt  of  these  repeated  decoflq;>re8slons  over  an  extended  period 
very  mild  sysptocsis  were  noted.  No  severe  symptoms  were  encountered  and 
the  incidence  and  severity  of  the  symptoms  did  not  change  as  the  x'esult 
of  these  frequent  eaposxures.  Fatigue  was  the  only  syaqptom  which  in¬ 
creased  in  inci(ience,  but  since  this  decreased  later,  it  may  siiggest 
some  degree  of  adaptation^  It  would  seem,  therefore,  that  pressuraza- 
tion  of  cabin  or  coclqplt  at  levels  up  to  20,000  feet  equivalent  altitxide 
would  not  result  in  severe  syaq>tcms  of  decoopression,  nor  would  there  be 
an  accumulative  effect  from  repeated  frequent  exposures  other  than,  pos¬ 
sibly,  fatigvie. 


INCIDENCE  OF  SYMPTOMS  AT  23.000  FEET 


J.S.  Gray^^)  has  studied  the  inflxience  of  exercise  on  the  incidence 
of  deconpresslon  illness  at  23,000  feet.  His  subjects  were  aviation 
cadets,  all  healthy  young  males.  The  rate  of  ascent  to  altitude  was 
4,000  feet  per  minute-  While  at  23,000  feet,  each  subject  exercised 
every  five  minutes.  The  exercise  consisted  of  five  deep  knee  bends  and 
five  push-ups  against  the  low  pressure  chamber  wall.  All  '‘fUghts”  were 
planned  for  either  one  or  two  hours  diiration.  The  tiase  &t  which  descent 
was  necessary,  because  of  severe  decompression  illness,  is  not  noted  in 
their  reports.  In  one  group  of  19>-man  flints,  in  which  the  ezposure 
•  was  meant  to  be  of  two  hours  duration,  12.8^  had  mild  symptoms.  There 
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v«re  no  severe  SToptoas.  In  another  group  of  117~man  flights,  in  vhlch 
the  exposure  vas  to  last  one  hotir,  6.8^  had  mild  syoptons  and  0o9^  had 
severe  a;snsptcns. 

It  is  seen  that  vith  coderate  exercise  of  the  Imee  bending  and  arm 
push-up  typo  the  Incidence  of  severe  decompression  illness  at  23,000 
feet  is  negligible «  It  is,  therefore,  permissible  to  assioM  that  if 
cabins  or  cockpits  are  pressurized  to  23,000  feet,  one  may  expect  mild 
syiptons  of  decoa5>ression  illness,  but  rarely  any  severe  symptoms. 


IHCIDBHCE  OF  STMPTOHS  AT  23.000  FEET 


Sever^  studies  have  been  made  at  2^,000  feet  altitude.  Gray  and 
Masland  have  presented  data  vhlch  is  based  on  128-man  exposures  of 
tvo  hours  duration.  The  rate  of  ascent  vas  4,000  feet  per  minute.  The 
exercise  consisted  of  five  deep  knee  bends  and  five  push-i^s  against 
the  lov  pressure  chaniber  vail  every  ten  minutes.  There  are  no  data  pre¬ 
sented  as  to  the  time  of  falliure  during  these  e^^osures.  The  data  dem¬ 
onstrate  that  10.2^  suffered  ’’mild*'  decco5>ression  illness  symptoms  and 
that  the  incidence  of  severe  8yn5>toms  vas  1.6^. 

Mackensle  and  Biosen  (6)  studied  the  effect  of  decompression  to 
25,000  foot  on  a  groiQ)  of  enlisted  personnel  and  tvo  officers  in  the 
Air  Corps.  The  average  age  of  the  enlisted  subjects  vas  23  and  the  tvo 
officers  vere  a^^d  30  and  36,  All  vere  in  good  health.  The  e:q)08Ui‘eB 
vere  tvo  to  four  days  apart.  The  rate  of  ascent  vas  3^000  feet  per 
minute  vith  oxygon  used  from  18,000  feet  vith  the  auto-mix  on.  The  ex¬ 
ercise  consisted  of  five  deep  knee  bends  and  five  arm  bends  holding  a 
fourteen-pound  velght.  The  exercise  vas  performed  every  ten  minutes. 

Ifo  severe  bends  8yn5>toms  occurred. 

Ferris,  Webb,  Engel,  and  Bi*ovn  in  a  study  oa^phasizing  the  var¬ 
iables  of  exercise,  altitude,  and  denltrogenation  found  that  vhen  they 
exercised  their  subjects  every  three  minutes,  doing  five  deep  knee  bends 
at  25,000  feet,  the  incidence  of  severe  bends  vas  the  same  as  at  35^000 
feet  in  resting  subjects.  Syaq^tcns,  of  such  severity  as  to  require 
descent,  occurred  in  10^  of  the  individuals  after  periods  of  oaq>osuro 
range  frco  55  minutes  to  tvo  hours. 

It  is  api>arent  that  an  increase  in  the  incidence  of  syaqptoms  has 
taken  place  vhen  25, 000- feet  exposures  at  25,000  feet  are  coaq)ared  vith 
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exposures  at  23,000  feet*  The  factor  of  exercise  is  seen  to  be  very  Im¬ 
portant  In  bringing  about  the  Increase  In  ince;]pacltatlon.  The  Incidence 
of  deco8Q>resslon  Illness  In  a  group  performing  moderate  exercise  frca 
one  to  t¥0  hours  vould  bo  sufficient  to  be  a  definite  problem.  The  in¬ 
cidence  in  the  resting  or  light  exercise  group  would  probably  not  be  a 
factor  at  25# 000  feet. 


IMSIDEHCE  OF  SIMPTOMS  AT  26,000  MET 


There  are  two  reports  available  on  the  specific  incidence  of  de- 
CQiroresalon  illness  at  26,000  feet.  One  report  by  Maekensle  and  Blesen 
(^)  using  eu  Identical  es^rlaantal  procedure  described  as  having  been 
used  by  them  a^  25,000  feet,  gave  an  incidence  of  incapacitating  syoop- 
toms  of  21^, 

In  another  zeport  by  SSaedel  at  al  (®),  In  which  a  large  number  of 
aviation  cadets  were  given  an  exposure  of  20  minutes  duration  at 
26,000  feet  following  an  ascent  at  the  rate  of  5# 000  feet  per  minute, 
17^  of  the  exercising  subjects  eiperlenced  mild  syaptoois  and  1,4^  had 
severe  ayn^toma.  In  the  resting  groiq?  there  wore  no  severe  symptoms, 
1.59^  had  mild  distress. 

In  the  above  mentioned  studies  it  is  readily  seen  that  the  exper¬ 
imental  design  differs  considerably.  The  amount  and  severity  of  both 
the  exercise  and  the  e:^osure  are  not  similar.  Since  these  are  two  of 
the  most  is^ortant  etlologlc  factors  in  decoiq>re88lon  illness,  the  dis¬ 
crepancy  in  the  percent  incidence  of  symptoms  is  easily  explained. 


INCIDERCE  OF  SIMPTOMS  AT  28,000  ESET 


Maclcensle  end  Eiesen  ^  ^  used  the  same  group  as  previously  described 
during  the  review  of  the  results  of  decoa5)reB8ion  to  25# 000  feet  in  a 
study  at  28,000  feet.  The  es^erlmental  plan  called  for  an  ascent  at  a 
rate  of  3  #000  feet  per  minute  to  maxirom  altitude  using  oxygen  from 
18,000  feet.  The  exercise  was  again  five  deep  knee  bends  and  five  arm 
bends  holding  a  foiuteen-pound  weight  and  was  performed  every  ten  min¬ 
utes,  As  the  result  of  this  type  of  exposure#  severe  decoiiQ>re88lon 
Illness  symptoms  were  found  In  from  28^  to  4l>  of  the  subjects,  Smedal# 
Brown  end  Hofftoan  (6)  exposed  65  men.,  once  only,  to  28,000  feet  for 
twenty  minutes.  The  rate  of  ascent  to  this  altitude  was  5^000  feet  per 
minute  and  the  subjects  exercised  every  three  minutes  performing  five 
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deep  knee  I)end8  and  five  eona  bends  without  holding  a  volghto  The  decom¬ 
pression  chaoiber  vas  at  room  ten^erature.  The  per  cent  :lncidence  of 
severe  synsptcms  of  decoaiprension  Illness  was  12.3.  A  sinilar*  12o‘35t  ex¬ 
perienced  mild  sjo^toms. 

The  factor  of  exercise  again  determines  to  idiat  degree  severe  de- 
coB^resslon  Illness  symptoms  will  occur  at  this  altitude.  The  differ¬ 
ence  In  the  results  of  the  two  above  mentioned  e::q>erlaents  lies  In  the 
difference  In  the  degree  of  exercise.  In  exercising  airmen,  it  Is  ob¬ 
vious  that  a  considerable  nuodjer  will  e:q>erlence  severe  decoiqpresslon 
Illness  syn^toms  at  28,000  feet. 


IHCIDMCE  OF  SYMPTOMS  AT  30.000  FEET 

Ferris,  Webb,  Engle,  and  Brown  found  that  the  total  Incidence 
of  syB5)tomB  at  30,000  feet,  when  subjects  exercised  every  three  minutes, 
doing  five  deep  knee  bends,  was  the  same  as  at  35^000  feet.  However, 
the  number  of  forced  descents  at  30,000  feet  was  much  lower  than  at 
35# 000  feet.  These  forced  descents  at  30# 000  feet  began  as  early  as 
twenty  minutes  at  altitude.  Twenty  per  cent  of  the  subjects  wore 
forced  to  descend  by  thirty  minutes  and  35^^  by  the  end  of  sixty  minutes. 

In  I35"fflau  e3i)osures  at  30# 000  feet  following  an  ascent  at  4,000 
feet  per  minute,  during  which  the  subjects  did  five  deep  knee.^nds 
and  five  pxish-i5)s  against  the  chamber  wall.  Gray  and  Masland  found 
an  incidence  of  15.59^  severe  bends  which  forced  descent. 

Smodal,  Brown,  and  Hoffliian  as  the  result  of  observing  92-man 
flights  to  30,000  feet  for  twenty  minutes  each,  during  which  the  sub¬ 
jects  exercised  every  three  minutes,  doing  five  deep  knee  bends  and 
five  axm  bends,  found  an  incidence  of  11,%  severe  "bends"  pain  and 
I85&  mild  "bends"  pain.  In  resting  subjects,  of  which  there  were  214- 
man  flights,  there  was  no  severe  "bends"  pain  at  30,000  feet  and  only 
4.3^  of  mild  syngrfccmso 

The  following  data  obtained  recently  at  Pensacola  are  offered 
with  a  view  toward  predicting  the  probable  incidence  of  symptoms  of  de¬ 
compression  Illness  at  an  altitude  of  30,000  feet.  Seven  hundred  and 
fifty- three  persons  experienced  a  twenty-minute  e^ostire  to  a  simulated 
altitude  of  30,000  feet  in  a  decoopresslon  chaiiber.  The  tei^perature, 
while  at  this  degree  of  decoiiQ>ression,  averaged  -30®  P.  Half  of  the 
753  persons  exercised  and  the  other  half  rested.  The  exercise  consisted 
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in  doing  five  deep  knee  bends  and  five  arm  bends  every  three  minutes. 
Ninety- three  individuals  e:s5)erienced  severe  Joint  distress.  Of  the 
93,  69  vere  in  the  exorcising  group.  The  location  of  the  pain,  pro¬ 
bably  because  of  the  type  of  exercise,  vas  for  the  most  part  in  the 
knees;  46  subjects  localizing  the  pain  in  the  knee.  This  incidence 
of  12.  S^oVith,, severe  Joint  pain  coo^pares  favorably  vith  an  earlier 
report  of  an  incidence  of  11.59&  severe  bonds  syaptotts  in  exer¬ 
cising  personnel  at  a  simulated  altitude  of  30,000  feet. 


SUMMART  AND  DISCUSSION 


It  is  obvious  that  sy9^>toBis  of  deconpresslon  vill  result  frcn 
the  exposure  of  persons  to  altitudes  of  from  20,000  to  30, COO  feet. 

At  20,000  feet,,  few  or  no  sever©  syapt<Mas  of  deccBg)re8sion  will  re¬ 
sult,  even  if  the  subjects  are  moderately  active.  Between  altitudes 
of  20,000  and  25^000  feet  and  with  exercise,  the  Incidence  of  severe 
decourpresslon  illness  symptoms  will  undoubtedly  be  low.  At  25,000 
feet,  with  the  additional  factor  of  exercise,  incapacitating  sya^toos 
will  occur  in  a  small  percentage  of  persons.  Again,  the  actual  in¬ 
cidence  will  depend  in  a  large  part  ipon  the  aaount  of  activity  on 
the  part  of  the  individual.  When  altitudes  of  28,000  and  30,000 
feet  are  reached,  it  has  been  shovn  that  the  incidence  of  severe  de¬ 
compression  lUness  syxaptoms  in  exercising  subjects  may  vary  from 
lOi  to  4056.  The  efficiency  of  flyers,  in  aircraft  with  internal 
cockpit  or  cabin  pressurized  at  28,000  to  30,000  feet,  will  depend 
considerably  on  the  aaount  of  physical  work  involved.  If  the  ac¬ 
tivity  is  little,  the  great  majority  can  expect  to  remain  for  long 
periods  at  a  pressure  altitude  of  30,000  feet  without  symptoms  of 
severe  decempression  illness.  The  variable  of  repetition  of  ex¬ 
posure,  which  is  felt  to  be  important  and  of  which  we  still  know 
very  little,  may  prove  to  be  a  deciding  factor  in  military  aviation 
with  regard  to  the  incidence  of  sya^toms  of  decompression  illness. 
Such  repeated  exposures  have  been  seen  to  result  in  a  fltigue  pro¬ 
blem.  A  revival  of  the  altitude  tolerance  classification,  substi¬ 
tuting  repeated  for  single  exposures  in  decoiqpresslon  chambers  in 
order  to  find  their  tolerance  to  decoopresslon,  might  prove  worth¬ 
while. 
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COHCLUSION 


Px«0Bur;|2atl<Hi  of  aircraft  cocJqpits  and  cabins  to  a  prossure  alti¬ 
tude  of  30^0^  feet  will  result  in  the  production  of  s3noQ>toits  of  decon- 
pression  Illness.  The  sererity  of  the  sysrptoaw  and  hence  the  probability 
of  incapacitation  vill  be  directly  propoziiional  to  the  amount  of  physical 
activity  carried  out  by  the  indiridual  occmylng  such  a  cabin  or  cociplt. 
Pressui^ation  of  aircraft  cockpits  and  cabins  to  altitudes  below  30,000 
feel  will  progreasirely  lower  the  incidence  and  severity  of  syaptoaui  of 
decooqpresslon  illness.  It  is  unlikely  that  very  severe  sya^tons  vill  be 
encountered  at  altitudes  below  23,000  feet  in  military  aviation. 
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